UNCLASSIFIED

DISTRIBUTION STATEMENT (of this Report)
Approved for public release; distribution unlimited. A simplified method for measuring the effective photon lifetime in an optical resonator was developed. The technique requires the passage of a modulated continuous-wave laser beam through the resonator and the measurement of the resultant shift in the phase of the transmitted intensity. The method not only permits a quick and precise measurement of the mirror reflectances, but also permits these measurements to be in situ. Such an "on the spot" evaluation 00FORM 17 The technique described herein can be used to measure the effective photon lifetime in an optical resonator. The effective photon lifetime is defined as the characteristic time T for the photon energy to be dissipated within the optical resonator to e" (or 0. 34) of its original value. The photon is launched into the carefully aligned resonator on the optical axis.
FOCS|MILE, UNCLASSIFIED
The dissipation of photon energy within the resonator is by absorption, scattering, or transmission at the resonator mirror surface coatings or in the medium between. Thus, the technique is a sensitive and useful method for measuring the scattering, absorption, and reflectivity or transmission, or both, of any solid, liquid, or gaseous material that is a part of, or is introduced into, this resonator.
The photon lifetime is determined from the phase shift in the amplitude-modulated photon flux intensity, which has passed through the optical resonator. A fundamental arrangement of the basic components is shown in Fig. 1 . A continuous photon source is passed through a piezooptical birefringence modulator or photoelastic modulator (PEM), e.g., by Morvue, located at position 1, which produces a time-varying, linearly small n (1 < n < 100), a more fundamental deviation involving summations rather than integrations is required. This more complicated analysis, given in the Appendix, yields an even simpler expression for .W
It can readily be verified that the expansions of Eqs. (3) and (3a), respectively, differ only in second-order corrections, which are very small for n >> 1. Since Eq. (3a) is simpler, it will be used throughout this discussion.
II. EXPERIMENT AND RESULTS
The experimental apparatus is shown in Fig. 1 
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The main application of the setup in Fig. 1 is the measurement of mirror reflectances to very high precision. In this configuration, the single-pass reflectance is
By the measurement of three ot's for the mirrors with reflectances R 1 , R 2 , and R 3 in the combinations R 1 R 2 , R 2 R 3 , and RIR 3 , R 1 and R 2 can easily be determined. It is also useful to plot tan(o) versus L and use the slope of the line to determine the value of R. Such plots should be linear and extrapolate to the origin (Fig. 2) . We have used this technique to measure the reflectivity of mirrors ranging from 95% reflecting to 99. 98% reflecting with a precision uncertainty of less than 100 ppm ( Fig. 2 and Table I ).
Although, in principle, the photon source may be an incoherent, nearly monochromatic, highly collimated beam or a continuous-wave (cw) laser beam of reasonable beam quality, mode matching as well as a spatially coherent source are necessary in order to obtain a linear phasefrequency plot (Fig. 3) . The nonlinear phase-frequency response occurs when more than a single mode of the resonant cavity is excited by the laser because the differing longitudinal modes have different photon lifetimes.
In addition, for high-reflectivity mirrors, a laser source is also necessary in order to provide sufficient light on the detector to keep statistical noise low so that good measurement can be made. There is also a certain amount of noise introduced into the measurement as a result of the thermal agitation of the cavity under test mainly because of length variations caused by acoustic forces; however, with a reasonable time constant, this effect is averaged out in the lock-in amplifier. 
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By the removal of R 2 in Fig. 1 , it is obvious that the transmittance T of R can be measured by moving R in and out of the beam and taking the ratio of the two intensities. In general, calibrated attenuation of the detector will be necessary.
A second configuration (Fig. 4) , yields an overall single-pass
and permits the measurement of any mirror reflectance R 3for a specified polarization when the reflectances of R I and R2have been determined. The apparatus can then be packaged and standardized for measuring reflectances.
Furthermore, the measurement can be performed for a range of angles of incidence 9/2. The lower curve in Let the incoming light to the optical cavity be given by intensity
which is equivalent to the cos(47Tft) used in Eq. (5) .
The light that is transmitted at time t will be the sum of the intensities from different internal reflectors each reduced by the round-trip reflectivity losses .W, i. e. , 
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